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» Los Alamos

J/wp production, parton level structure & dynamics

Production of heavy vector mesons, J/y, v and Y I

Gluon fusion dominates (NLO calculations add
more complicated diagrams, but still mostly with

gluons) hs
- production: color singlet or octet cc: absolute

cross section and polarization?

Phys.Rev. C61 (2000) 035203
NRQCD 800 GeV p+p —> J¥ + X

Hadronization time (important for pA nuclear v | R.Vogt
effects)
:é\ 10’ i e
Complications due to substantial feed-down from =z [ Ns=39 Gey
higher mass resonances, from ', . S| f7 - egtusion N\
—-—-- g-qbar annihilation
gq scattering
Total
X,1,2 — J/\V ~30% 107 1 075 -05 -025 Xﬁ 025 05 075

F

v = Jy 5.5%
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J/y Production - Polarization

J/p Polarization
E_'Ll'h'J'|""|""|""|"':|

— B promptJ/y ‘

;—' COF
;——dfrﬂi:t
IIfll””‘llﬂllll1I5III

tptbib.EREE -

e

A

do/dcosi=A(1+cos’0)

+1 (transverse)
-1 (fongitudinal)

- Octet models get correct cross section size (unlike

singlet), but...

- CDF and Fermilab E866 J/y data show little
polarization & disagree with NRQCD predictions

A
But Y maximally polarized for (25+3S), but NOT (1S)
e Is feed-down washing out polarization? (~40% of 1S

from feed-down)

(also need v’ polarization measurement)
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E866/NuSea
very small J/y polarization
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PHENIX - J/w cross section vs rapidity & s

PRL 96, 012304 (2006)
— . ; .

@ PHENIX W
- M PHENIXe'e Vs =200 GeV A

" 10

_’é‘ 40 —
= Py N i
= T S 10
~a NJo Pythid 32
Lol shape ©
;::: 50 P #I/Y's h 10°

—I—  ~400 (uu)

2 1 0 1 2
Rapidity

J/¥ p+p Cross Section vs Energy

(a) Jy o

GJ/\V pP+p

@® Lower energy measurements

O PHENIX run2 - PRL 92, 051802 (2004)
B PHENIX run3 - PRL 96, 012304 (20086)
— COM(GRV98NLO)

— - COM(MRST2001NLO)

700
sqrt(s) (GeV)

More pp J/y's coming from PHENIX - ~5k/arm in 2005 run
(v' may be coming soon, at least for e*e-, but higher luminosities will be

needed to get significant # of counts)

3/30/2006

Mike Leitch




/\
° ES% Alamos

Nuclear effects on Onia Production

Modification of parton momentum Eskola, Kolhinen, Vogt, NP A696, 729 (2001)
distributions of nucleons embedded in i R RHI|C 'ps 1
nuclei ~Uif s Ny 4
- shadowing - depletion of low-momentum 3;;’ DS /AN ¥
partons (gluons) ospe o
- coherence & dynamical shadowing 01T S Gy ]

. 0.6 T -, N R, | -
* gluon saturation at small x - e.g. Color T e e B
Glass Condensate (CGC) model -

800 GeV p-A (FNAL) ©,=c,*A®
PRL 84 3256 (2000) PRL 72, 2542 (1994)

Nuclear effects on parton "dynamics” «___open charm: 1o A-dep

- absorption (or disassociation) of J/w by | b A

nucleons or co-movers os | ﬁ%ﬁ

* energy loss of partons as they ¥ Eii

propagate through nuclei Tl e %5 '

* multiple scattering effects (Cronin o TOE %I _

effect) causing p; broadening | e |
I
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Gluon Shadowing and Saturation

G,/AG,

high x

3/30/2006

Leading twist gluon shadowing, e.g.:

- Gerland, Frankfurt, Strikman,

Stocker & Greiner - Eur. Phys. J A5,
293 (1999)

- phenomenological fit to DIS & Drell-Yan
data, Eskola, Kolhinen, Vogt - Nucl. Phys.
A696, 729 (2001).

- and many others

Amount of gluon shadowing differs by up
to a factor of three between diff models!

Saturation or Color Glass Condensate (CGC)
* At low-x there are so many gluons that
2— 1 diagrams become important and
deplete low-x region

Nuclear amplification: x,6(x,) =
Al3x 6(x,), i.e. gluon density is ~6x higher
in Gold than the nucleon

Mike Leitch 6



\smamos  The J /v - a Cold Nuclear Matter (CNM) Puzzle

J/y suppression is a puzzle with possible 800 GeV p-A (FNAL)
contributions from shadowing & from: PRL 84, 3256 (2000); PRL 72, 2542 (1994)
Energy loss of incident gluon = 10 } open charm: no A-dep
shifts effective x. and A _ at mid-rapidity
produces nuclear suppression \ v ﬁ% _
) . 9 r CC
which increases with x. Xp % EE /
(§ ) _ a
o,=o,A —~
B -
Hadronized ;f;‘" ¥
J/g? » D (E789) I
07 r .
Absorption (or dissociation) of CC into : EESE‘;’:;S; s Sy I
two D mesons by nucleus or co-movers N 3
(the latter most important in AA 6o oz 04 0B 0B 10
collisions where co-movers more copious) X

« J/¥ and ¥’ similar at large xr where they
both correspond to a cc traversing the nucleus
* but ¥' absorbed more strongly than J/¥

near mid-rapidity (xg ~ O) where the
resonances are beginning to be hadronized in

proton

J

Intrinsic charm components of incident

nucleus
proton produce J/y at large x;. A%/3 ,
dependence from surface stripping of  open charm not suppressed at xg ~ 0. what

proton's light quarks (Brodsky) about at higher xg?
3/30/2006 Mike Leitch 7
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Initial-state gluon multiple scattering
causes pr broadening (or Cronin

effect)
— a
14 T
13F  my,Em2
12F WY, ET72 E
= 1.1 F i
1.0 EE
09 -iﬁ -
b Upsilons
1.3 ®J/y ES66
12 F @y E866
. ®DYE772
3 5- Drell-Yan ?
10 F
0.9 F JCiIﬁIE
0.8 [ JW &V’
0.7k .
0.00 0 200 3.0 4.00

CcC

p (GeVlc)
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PRL 96, 012304 (2006)

O E866 (-0.1<x,.<0.3)__

1.0k~

— @ dAup'p (x,~-0.08)
1 1 1 I 1 L 1 I 1 L L I L L L I 1 1 1
I T T e
- & dAuee (x.~0) "
-
L - o~ —
P ol
e ——" 4
L] I | |
- O E866 (0.3<x,<0.93)
-l dAup p (x~0.09) =

Mike Leitch

Transverse Momentum Broadening for J/y's

High x,

1 ~0.09

| PHENIX 200 GeV

results show p;

{ broadening

comparable to that

| at lower energy

(Vs=39 GeV in
E866/NuSea)

| Low Xx,
~ 0.003
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* Los Alamos PHENIX J/y Nuclear Dependence
for 200 GeV pp and dAu collisions - PRL 96, 012304 (2006)

AL B B Ny J/y for different Vs collisions
dAU/ppJ/W i T al ) % § % K & i v ife o
1.2F Low x, ~ 0.003 | . @o,=0y4 ¥ ) open charm: ﬁ%‘!&-dep'
1' (shadowing region) | I 2 %G?\_’_ A > ¥ at mid-rapidity_______
< 0.8} ' 09} somethingl Ii : A m - |
o K ' more, V- .. Oy
oC o | dEdx? ox . 1 -
0.6 & v o
I . - ] i Ir more? 1 "> J
04 o 3 B
[ =+ Kopeliovich i I —‘ T o Esee(39Gev) j
— EKS 3mb (Vogt) N 0.7k 1 19GeV | o NA3(19Gev) e i i
0.2} —- EKS 1mb (Vogt) ‘-\___ — | @ PHENIX u'u (200 GeV)
| -+ FGS 3mb (Vogt) T i 39 GeV + H PHENIX e'e (200 GeV) 4
ob—t v : : A E789D°(39GeV)
3 2 -1 0 1 2 3 e 2 & 00 02 04 06 08

| Rapidity 5 Xe = X; =X,
Klein,Vogt, PRL 91:142301,2003
Kopeliovich, NP A696:669,2001

Data favors weak shadowing & absorption Not universal vs X2 0s expected for shadowing,
- With limited statistics difficult to disentangle ~ PUt does scale with xg, why?
nuclear effects - initial-state gluon energy loss?

- Will need another dAu run! (more pp data also) * Sudakov suppression (~energy conservation)?
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B, o)/ 6(DY),5 59

Debye screening predicted to destroy J/w's ina 3 ‘
QGP with different states "melting” at different o | e -
temperatures due to different binding energies. 05 | W 058 m) E
350 T e e x ho Debye length from lottice QCD E
] o ] 04 é,/ ]
zuo—; o E @ ‘ [ : J/‘&U(o.zs fm) ]
250 G, =43+ 0.3 mb 1 NA5O ® P : 0.3 F .
204 T .1 anomalous O @ © 02 | o g
USOE e . ® @ ® @ Lo, T (0.13 tm)
A + E Suppresslon Color Screening 0.1 L fjo’ 7
100 L 4 ]
E & Pb-Pb 2000 1 0 T | Lo | L |- | PR
s0-] * Pb-Pb 1998 = 1 L5 2 2.5 3 3.5 4 4.5
] ] Y,
0 20 40 60 S0 100 250; \'140
- R Survival probabilit
. : urvival propabpilii Y
T 1.0 e s TR L o .
15 PH?NlX 200 Ge\.‘: J.-‘.]J--llt]ll]ll:].ll’} bUT r‘ecer\.'l' r‘eggner'a.hon 4 ‘+ (_h +* : corrected for norm
; Grandchamp, Rapp, Brown g E:g::ﬂ mOdels mlghT glve l 7 l) GbSOI"pTiOh
| el ¢ samesr 1 enhancement that s | 0
N 1 Cimesys S @ | compensates for ¢ * +
T e T s e e _ . 1,
1.0 | | screening? o A
0.50
Karsch, Kharzeev, Satz +
L J @ In—In, SPS
R T S E— ] on the other hand, recent oasp  OFFsm
= R P T Fion - . ) w Au-Au, RHIC, |y| < 0.35
L eiTegenerd [} lattice calculations suggest A Aw-ALRHIC M=(1222] | Gev/im)
| screening J/y not screened after all. L
0oLt i L o A 1 Suppression only via feed-down | 2 3 4 5
o from screened y,. & v energy density
3/30/2006 Mike Leitch 10

AuAU J/W's - Quark Gluon Plasma (QGP) signature?

al




S
rtosilames T/\y suppression in AA collisions & CNM baseline
(CNM = Cold Nuclear Matter)

1.5

Iquu

0.5

200 GeV d+Au -> J/Psi

Vogt expanding octet absorption

I ' I ' [
- —— EKS980mb —
EKS98 3 mb

Low x, ~ 0.003

(shadowing region)

0O mb

— PHENIX PRL 96, 012304 (2006) —

L | L |

|
-2 0 2
Rapidity

* CNM calculations with shadowing &
absorption
- present dAu data probably only

constrains absorption to: 6,54~ 0-3 mb

3/30/2006

AuAu - PHENIX Preliminary data
200 GeV J/Psi - MRST, EKS98

CuCu - PHENIX Preliminary data
200 GeV J/Psi - MRST, EKS98

T I T I T I T I T I T I T

I}

. AuAu | CuCu |
cec ce
0 I 1 I 1 I | I 1 I 1 I | I 1 ] 1 | L I L I 1 I
0 50 100 150 200 250 300 0 20 40 60 80
Npart . Npart
periph. » central

 AA suppression is somewhat stronger
than CNM calculations predict

constraint!

Mike Leitch

- but really need more precise dAu

11



» Los Alamos

Jhy survival probability

QGP sequen‘hal screenmg

Models wn‘rhouf r'egener'a'hon

s k\lf a2 Ty

o8l AT ‘
Preebipg—
G
04 L Digal, Fortunato, Satz —
hep-ph/0310354

0.2 | Pb-Pb, Vs=17.4GeV

0

Number of participants

0 50 100 150 200 250 300 350 400

N
=

b

b (%) <)
= oy
T T

T
iy Q

4

B o(IAMO(DY), o,
Lo
=

*[Capella, Sousa

-EPT

GRV LD
i

 Ph-Pb 1995~ pubks;’ ed
& Pb-Ph 1995 - reanalysis

+ Pb-Pb 2000 - analysis B
¢ Pb-Pb 2000 - analysis C

4 F-Pb2000 - Egpe— Ey
comovers

€30, 117 (2003) |
Capella Ferreiro ;
hep-ph/05950§2

0

20

Models that reproduce NA50

results at lower energies predict

too much suppression at RHIC!

- Satz - color screening in QGP

(percolation model) with CNM
added (EKS shadowing + 1 mb)

» Capella - comovers with normal Ran
absorption and shadowing oel - :
* Rapp - direct production with |
CNM effects needs very little
regeneration to match NA50 data | Rapp——2~———————==
50 700 200 300
Npart
3/30/2006 Mike Leitch 12

4||9 GIO 86 100 120 140
E, (GeV)

L 2 b e s oo B S
. » Pb-Ph, NASO .
- 35 F suppression E
-r" o 7 + regeneration ]
ﬂfn ”:- — = suppression only
> a5k <= regeneration
e B T [ variable T,
L ap
: /fofal
(= H_— --.‘_‘ f/
® Ll | .
2100 . u
=+ 'f Grandchamp, Rapp, Brown <7 direct
Sthep- ph/O306Q__7_Z _________ ,\—;
0k e et L. 3~ pegeneration
0 20 4{1 8(1 1 UI? 120
LT [GeV]

PHENIX 200 GeV J/vy -- Preliminary

1.5

| |

T

—— Rapp direct @ CuCupn
—— Capella 1 mb @ CuCues
— = Capella 3 mb <  CuCu pp 62 GeV
—— Saiz percolation (with CNM added) i  AuAuuu
B AvAuee
€ dAupn
| A2

1.0

400
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Models with regeneration,
i.e. single charm quarks

Models with screening & regeneration

combining in the later stages 1°

PHENIX 200 GeV J/y -- Preliminary
T

|
' ' —— Rapp total (y=0) CuC o
to form J/ ysSs - match the i .= Rapp direct (y=0) g CECE 22
: : eatll - (y=0) & CuC 2 Ge ¥
observed RHIC suppression | " ThewsT,-03GeV,pQCDNLOham W Auhurn
much better! —— Thews T,=0.4GeV,pQCDNLOcharm W AuAuee
Thews T, = 0.5 GeV, pQCD NLO charm 4 dAup -
* but 'rhe regenera’rlon goes . iM% o
as 0, - whichisstil (8. & oo _
poor'ly known at RHIC !
& that's another story..) AA Thews .
( Y ) ! Eur.Phys.J C43, 97 (2005)
I -
I
] STGTISTICGI hadr‘omza‘rlon model 0.5 i
g (AN} D=0 J T T |
SN =28 NS
<1 hep-ph/0311048 ] i i P o
3 (CERN yellow rpt) - /
- 1
;-_-;1.: . B i
0.0 |
B
: N_=12 | 0 100 200 300
by part
3/30/2006 Mike Leitch 13
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Many More Models for RHIC J/y suppression
in CuCu & AuAu Collisions

All have suppression + various
regeneration mechanisms PHENIX 200 GeV J/¥ Preliminary
Rapp - PRL 92, 212301 (2004) 15 | — |
- screening & in-medium production et
Thews - see previous slide
Andronic - PL B57, 136 (2003)

- statistical hadronization model

@ CuCupup -
= = Andronic dy=2, 6 = 80 ub @ CuCuee
-+ Andronic dy=1, 6_ = 160 ub @ CuCupp62GeV T
— Rapp total (y=0) B AvAupu

i

*

Zhu AuAu ee
Bratkovskaya dAu pp G

——  Kostyuk

- screening of primary J/y's 101
- + statistical recombination of |
thermalized c-cbar's R AA
Kostyuk - PRC 68, 041902 (2003)

- statistical coalescence -

- + comovers or QGP screening
Bratkovskaya - PRC 69, 054903 (2004)
* hadron-string dynamics transport

Zhu - PL B607, 107 (2005) 0.0
- J/y transport in QGP ) 400
- co-movers, gluon breakup, hydro for N

QGP evolution part

* no cold nuclear matter, no regeneration

3/30/2006 Mike Leitch 14
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RHIC suppression looks same as that at NA5O

* but ~10x collision energy & ~2-3x gluon energy

density at RHIC
* regeneration compensates for stronger QGP

suppression?
- if so, regeneration would be huge at the LHC!

(Karsch, Kharzeev, Satz, hep-ph/0512239)

* Sequential screening of the higher-mass resonances

that feed-down to the J/vy: with the J/vy itself still

not dissolved?
- supported by recent Lattice calculations that
give Tz, >2 T

Quarkonium dissociation temperatures - Digal, Karsch, Satz

state | J/P(19) | x(1P) [ ¥/(25) | T(LS) | xo(1LP) | T(25) | xa(2P) | T(395)
T,/T, 2.10 1.16 1.12 > 4.0 1.76 1.60 1.19 1.17
3/30/2006 Mike Leitch

Regeneration or Sequential Screening?

PHENIX 200 GeV Jhy -- Preliminary

I
@ CuCupp

Grandchamp, Rapp, Brown cut
hep-ph/0306077 @ Gutuce

—— Rapp fotal (y=0)
+ =« Rapp direct (y=0)
= = Rapp regen (y=0)

% CuCupp
B Aufupp
B Auhuee
# dAupp

620GV

part

0.2_..

o PHENIX
« NASO

P

HEN

IX preliminary

\II\‘II\\iI\\I‘\\I\ |
G0 50 100 150 200 250 300 350 400

Npart

15



> Los Alamos . . .
Regeneration should cause narrowing of pr and y - does it?

p+ broadening lies in between But rapidity dependence of central AA
Thews direct & in-medium collisions (top panels) shows no narrowing -
formation suggesting some i.e. peaked ratios as in the Thews
regeneration (but our fit to (maximal) regeneration, shown below

pp+dAu data vs L also reasonable) But careful - is o ., flatter with y than
we originally thought?

8 TT T T I =L T T T T T 1rT
@ Cuuligel2 ]__ ) ' o AuAu - PHENIX Preliminary data CuCu - PHENIX Preliminary data
[ PHENIX 200 GeV J/Psi -- Preliminary . ;
L C.J c 200 GeV J/Psi - MRST , EKS98 200 GeV J/Psi - MRST, EKS98
O 1 T T
A
Y
S e
=2 o
> s T
D S
2
N/\ 4= E
QE: n
v i e 0.\.‘0
Thews — Thews Direct
2 hep-ph/0504226 | — Thews In-Mediugl Formation | ]
|l nucl-th/0505055 — 2, _as1s08b4
and private comm. 1 .
1 11 I 1 1 1 L1 111 J 1 1 1 -] I 1 ’l L L1 1

10° 10' 10° 10

coll

<p;2> = 2.51+0.32*L
from fit to dAu data vs L

40-60%

1 ] L |
- 0 2
Rapidity Rapidity
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+ LosAlamos Flow of J/y's?

Need to look for J/vy flow - if regeneration dominates, the J/vy's
should inherit flow from charm quarks

* open charm has recently been seen to flow (at least at some p+
values)

» but what about geometrical absorption effects, which could also

give asymmetry wrt reaction plane? 2 ,
[ Primo. + Absorp. ]
i Coalescence (x0.1) ========r .-
20 PRC 72, 024906 (2005) 15 [coalescence of ]
;.7\5‘ '. ST.lAR '! I [ thermalized char'm '
bl [l prei. r? :
o O PHENIX prel. —+— =g X 0.1 \", i
> 20| — o,=10mb | = (Rapp) ',:" Xy 0“\\{ ]
= — o, =3mb _+_ i 7 eo“\a :
fg 15 |- ’ + — 05 F / 9
o i Zhu et al.
= 10| o) 4) - i PL B607 107 (2005)
g— +O ¢,/f‘—~ 0 a=-T . PR N
oL °r 4)# /_#" % 1 0 1 2 3 4 5
Y D — S R — Py (GeV/c)
S+ fuéﬁi?gSS;?)jSG - FIG. 4: The elliptical flow of J/i¢ as a function of p; at
10 | | \ i [ | \ ' , RHIC energy. The solid line is the maximal vs with impact

0 05 1 15 2 25 3 35 4 45 5 parameter b=7.8 fm calculated in the frame of J/¢ trans-
ort, and the dashed line 1s the mimimum-bias v2 (scaled b
Transverse momentum p; (GeV/c) P a8 4 y

a factor of 0.1) of the coalescence model with the assump-
tion of complete charm quark thermalization.
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Much More to Comel

PHENIX 200 GeV p-p
Upsilon -> u'y

104 | |
@ PHENIX uu EXTRAPOLATED to y=0
- Vogt NLO CEM MRST HO

5| [ — Vogt NLO CEM GRVggHO
5 "9 PHENIX Preliminary
:IL
I i
S 10 [ PHENIX 200 GaV p- ]
\ej Upsilon -> uqu i
% T T T
B LAl
5 10
*
c
m

0

10
1 2
10 10
sqrt(s) (GeV)

1st Upsilons at RHIC from ~3pb-!
collected during the 2005 run.

3/30/2006

Ultra-peripheral Collisions (UPC's)

[ Y
2 PHENIX AuAu UPC sj2 = 200 GeV
3 ®  e'e (unlikesign - likesign pairs)
§ 12 ' I /Y coherent
[ » e‘e coherent continuum
3 [ : \
£ 10 N B max./min. e'e’ continuum
g - 5 [ High-p trigger threshold region
© B ..‘I
\ PHENIX Preliminary
el y
4 ‘ %
i T +
o - YT 2 |
2 T
Ry I | 1 | 1 | | 1 | 1 | 1 | ] | | | | l | 1 | 1 |
1 2 3 4 5 6

m,, (GeV/c?)

UPC's : well calibrated EM probe of
small-x gluon saturation

Mike Leitch 18



Onia in STAR

Yield 330.2 =+ 1025

Width 0.026 = 0.010

Mass 3.066 = 0.010

150

100

50

40-80%

Yield 90.14 = 25.24

Width 0.026 = 0.000

Mass 3.066 = 0.012

150
1001

50
»

Yield 129 = 47.6
Width 0.026 = 0.000

Mass 3.07 = 0.03

1001

i

21 ndf 257323
40 Yield 67.12 + 13.56
B Mass 3.062 + 0.010
30k Width  0.04195 = 0.01030
= 2k N
o sl T |T L/ X
(‘f)~ 05 - _“_—u—_"_f e _+__“_|g Ml—u— + _+_ _+_ _+_+
N -
S A A
S Lt STAR Preliminan
é M J/v Runb5 pp
- Y X N M v w—
Sun Dec 11 14:59:44 2005 m,, (GeWc’]

Dielectron Invariant Mass (GeV/c?)

off - + | l'? 04 PHENIX 200 GeV p-p
. ; Upsilon -> '
26 28 3 32 34 36 26 28 3 32 34 38 19 ‘ ‘
M,.,. (GeV/c?) M.... (GeVic?) PHENIX Preliminary
Dielectron Invariant Mass (GeV/c?) 10%F STAR AuAu s 2
= preliminary ¥
Signal RHIC Exp. RHICI RHICII LHC =z ol b ll
(AutAu)  (>2008) ALICE" & I
Jhy —»e*e~ | PHENIX 3,300 | 45,000 | 9,500 [ 21T 3.2 i
Ty —pp 29,000 | 395,000 | 740,000 | © | ) |2 vansoanmsrio” |
Y N e—i-e- ST AR 830 1@) 2,600 | * STAR AEIA: ::f,:;a :2 zg :::h :Z:I.'
Y — putus PHENIX 30 1,040 8,400 10' 10° 10° 10
sqri(s) (GeV)
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» Los Alamos Summar.y

Progress on onia production cross sections and Esadivsea s
polarization but still not well understood R

- causes uncertainties in the understanding of nuclear B

effects (e.g. J/y absorption) U,Q_Eﬁﬁkﬁ

Weak shadowing has been observed at RHIC for the o iﬁ

J/y in dAu collisions os | ot -
- but scaling with xz (and not with x,) is still a puzzle iy II
AA collisions at RHIC suggest substantial contributions orp T '
from regeneration 900 GeV p-+ A <> iy I

- suppression observed is very similar to NA5O at lower "o oz gr os o8 1o

F

energies but more suppression would be expected from
QGP since gluon densities are 2-3x larger at RHIC
Sequential screening, where 3. & v' are screened but

J/y is not (consistent with Lattice calculations), provide ™[] e T
a simpler picture i
- need more accurate dAu data to establish level of | = i
CNM effects in AA ‘
- need accurate open charm cross section & J/y flow an

measurement to constrain regeneration models

PHENIX 200 GeV J/y -- Preliminary

CuCu pp
CuCu ee
CuCu pp 62 GeV ]

Auhu g
Auhu ee
dAu pp

¢ENC00
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» Los Alamos

PHENIX Runé (present) J/vy's in forward/backward Muon arms
(from near-online analysis using trigger-filtered events)

2 . # Unlike 2w # Unlike
SOUTh # Like 0 North # o Like

Irvariant Mass (GeVic’] ' ' Invariant Mass {GeWic’]
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» Los Alamos

ALL VS Pt

[ JPsi:|y|=12-24 |

0.15
- JiPsi—=p'y- PHENIX Preliminary
01—  32pb’ Pol-47%
E Sys. Err
0.05— (COM: GS-A)
d—j 0_ | =
~0.05
: -
~0.1-
_nl15_llllllIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII

0 1 2 3 4 P5 6 7 8 29 10

First spin physics result from J/¥
- J/y: produced via almost pure gluon fusion
- sensitive to gluon polarization

3/30/2006 Mike Leitch
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Alamos

RHIC-IT - Quarkonia

- With detector upgrades (PHENIX and STAR):
+ J/y from B decays with displaced vertex measurement (both).
* Reduce J/y —pp background with forward u trigger in PHENIX.
» Improve mass resolution for charmonium and resolve Y family.

- See vy in forward calorimeter in front of muon arms (PHENIX)
and in FMD in STAR

- And with the luminosity upgrade:
+ J/y R,, to high p;. Does J/vy suppression go away at high p;?

-+ J/y v, measurements versus p;. See evidence of charm
recombination?

* Y R,,. Which Upsilons are suppressed at RHIC?
* Measure y. — J/w +y R,,. Ratio to J/y?
* Measure y' R, ,. Ratio to J/y?

* Measure B — J/y using displaced vertex - independent B yield
measurement, also get background to prompt J/y measurement.
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AN
+ Los Alamos RHIC-II - Heavy Flavor Yields

All numbers are first rough estimates (including trigger and reconstruction
efficiencies) for 12 weeks Aut+Au run (JL_. dt ~ 18 nb™!)

RHIC Exp. Obtained RHICI(>2008) RHICII LHC/ALICE*

Jhy —e'e” PHENIX ~800 3,300 45,000 9,500
Jhy —»uru ~7000 29,000 | 395,000 740,000
Y —e'e STAR - 830 11,200 2,600
Y — puu PHENIX - 80 1,040 8,400
B—J/iy—e'e” PHENIX - 40 570 N/A
B—Jy—putu” - 420 5,700 N/A
xc—>e+e‘ Y PHENIX - 220 2,900* N/A
XC—’M+H_ Y - 8,600 | 117,000%* N/A
D—Kn STAR ~0.4%10° 30,000%** | 30,000%* 8000
(S/B~1/600)
* Large backgrounds, quality uncertain as yet T. Frawley, PANIC’05,
** Running at 100 Hz min bias RHIC-II Satellite Meeting

* 1 month (= year), P. Crochet, EPJdirect A1, a (2005) and private comm.
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» Los Alamos

Onia Yields at RHIC IT

Signal/System pp (200 GeV) pp (500 GeV) CuCuG(Z?]()’ AuAu (200 GeV) dAu (200 GeV)
J/¥P—ee 55,054 609,128 73,921 44,614 29,919
P'(2S)—>ee 993 10,985 1,333 805 540
1_c0>y+J/F—ee 100 2,578 134 81 54
v_clo>y+I/F—ee 1,340 40,870 1,800 1,086 728
v_c2—>y+J/P—ee 2,190 59,296 2,941 1,775 1,190
Y(0,1,2)—>ee 210 3,032 547 397 184
B—J/¥—ee 1,237 41,480 4,567 3,572 1,085
J¥—>pp 468,741 5,483,006 653,715 394,535 258,136
P'(2S)—>up 8,453 98,880 11,789 7,115 4,655
1_c0>y+I/F—pp 3,822 99,824 5,330 3,217 2,105
v_cl>y+I/P—pp 51,215 1,582,561 71,425 43,107 28,204
y_e2>y+I/P—pp 83,702 2,296,069 116,732 70,451 46,095
Y(0,1,2)—>pp 528 7,723 1,429 1,035 469
B—J/¥—>up 2079 76466 5756 3752 1824

*  Precision measurements of the J/¥
- Exploratory measurements of the other onium states.

- Steep increase at Vs = 500 GeV illustrates the significant difficulties for
measurements at lower energies.
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AN

» Los Alamos

Feeding of J/w's from Decay of Higher Mass Resonances

o mA
.pA

¥ pA (HERA-B)

HERA-B Phys.Lett.
B561 (2003) 61-72
& E705 @ 300
GelV/c, PRL 70, 383

(1993)

Large fraction of J/y's
are not produced directly

RS N W N N R
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R. Vogt, NRQCD calculations

Nucl. Phys. A700 (2002) 539
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Proton Pion
Xi2 = J¥Y ~30% 37%
¥ > J/¥Y 5.5% 7.6%

Effect on Nuclear dependence:

* Nuclear dependence of parent
resonance, e.g. x.is probably
different than that of the J/yp

* e.g. in proton production ~21-30%
of J/y's will have different
effective absorption because they
were actually y.'s while in the
nucleus
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» Los Alamos

Counts/0.1 GeV/c?

L) I .

2 4 6 8

N IR T I
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Contrasting Y’s with J/@’s

VS =39 GeV (E772 & E866)

- less absorption

- not in shadowing region (large x.)
- similar pr broadening
* Y,5.35 have large transverse

polarization - unlike Y5 or J/y (as

was shown earlier)
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But careful: Y
suppression is from
data for x. < O or
x, > 0.2 (in the
EMC region)
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